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(54) Laser machining robot

(57)  If amachining program is reproduced in a robot
controller (10) and a laser machining robot (1) is moved
on a machining route, then a detection signal of a dis-
tance sensor (3) is fetched through a distance sensor
amplifier (6), and tracer control is carried out so as to
keep a distance between a laser machining head (2) and
a workpiece (W) at a predetermined value. In an accel-

eration and deceleration processing at a corner (C) in
the machining route, a restriction means (12) that re-
stricts a maximum acceleration and a maximum jerk is
used to control an acceleration and a jerk of the robot
not to exceed respective predetermined values, and
prevents generation of a vibration when the laser ma-
chining head (2) passes through the corner (C).

FIG. 1
4
S
LASER
GENERATOR fz
[ 2
.| DISTANCE SENSOR ]
8 ™1 mrurm = ¢
L0 &
1 37 ,[.v
ROBOT
CONTROLLER v

| axaan covmeoy
117 ARlRIER

W

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 468 775 A1 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a laser ma-
chining robot having a laser machining head, mounted
on a tip end of a robot arm, which conducts the laser
machining and carrying out the laser machining while
moving a laser machining head. More specifically, the
present invention relates to a technique for moving a la-
ser machining robot while keeping a constant distance
between a tip end of a laser machining head and a work-
piece during laser machining.

2. Description of the Related Art

[0002] In recent years, needs of three-dimensional
machining by a laser machining apparatus using a robot
in fields of general industries including the automobile
industry increase. Generally, it is required that a laser
machining head has high positional accuracy so as to
keep optimum a distance between the laser machining
head and a workpiece optimum in laser machining. In
addition, some workpieces have fluctuations in shape,
size, and position. In order to deal with such fluctuations,
a method of controlling a position of the laser machining
head at real time during machining is adopted.

[0003] However, even if this method is adopted, the
following disadvantages often occur. In three-dimen-
sional machining, a vibration is generated following a
rapid acceleration or deceleration of the robot and a lo-
cus of a tip end point of the laser machining head cannot
be accurately controlled. To avoid the disadvantages, a
method of inputting an empirically obtained velocity con-
dition at each time is proposed (see, for example, Jap-
anese Patent Application Laid-Open No. 6-210475).
[0004] With this method, however, it is necessary to
specify a condition in which a stable machining state can
be realized while preventing an increase in machining
time as much as possible by repeatedly setting a robot
velocity near a section at which the vibration is gener-
ated and setting a laser output corresponding to a ve-
locity thus set through trial and error. It disadvanta-
geously takes lots of time to perform an operation for
specifying the condition.

SUMMARY OF THE INVENTION

[0005] According to one aspect of the present inven-
tion, there is provided a laser machining robot having a
laser machining head for laser machining, mounted on
a tip end of a robot arm, for carrying out the laserma-
chining bymoving the laser machining head while keep-
ing a distance between a workpiece and a tip end of the
laser machining head at a predetermined distance using
a distance sensor, wherein the laser machining robot re-
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stricts and controls an acceleration and a jerk (the rate
of change of acceleration) for moving of the laser ma-
chining robot not to exceed a preset maximum acceler-
ation and a maximum jerk during the laser machining,
respectively.

[0006] Namely, by thus controlling, when the robot
passes through a part (e. g. , a corner) in which the ac-
celeration or deceleration of the laser machining robot
tends to be increased, the acceleration and the jerk are
automatically suppressed, whereby a probability of gen-
erating a vibration is automatically suppressed. Further,
by controlling laser machining conditions such as laser
output in accordance with a change (normally a de-
crease) in velocity of a tip end point of the laser head
(moving velocity of the laser machining robot) following
the automatic suppression, stable laser machining with
little influence of the aforesaid restriction can be real-
ized. It is noted that limits (the maximum acceleration
and the maximum jerk) of the acceleration and the jerk
may be set in a design phase so as to be able to sup-
press the vibration at a required level.

[0007] The laser machining robot according to the
present invention can be moved while automatically
avoiding the generation of a vibration during machining
and can easily realize a stable machining state. There-
fore, the present invention can improve reliability and
efficiency of laser machining carried out by the laser ma-
chining robot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The object of the present invention stated
above as well as other objects and features of the
present invention will be readily apparent from the read-
ing of the following embodiments with reference to the
accompanying drawings in which:

Fig. 1 is a schematic diagram of the configuration
of a machining system using a laser machining ro-
bot according to a first embodiment of the present
invention;

Fig. 2 is a flowchart for head height control and ac-
celeration and deceleration control exerted by the
laser machining robot shown in Fig. 1;

Fig. 3 is an explanatory view for a velocity instruc-
tion after an acceleration and deceleration process-
ing shown in Fig. 2;

Fig. 4A is a schematic diagram of the configuration
of a machining system using a laser machining ro-
bot according to a second embodiment of the
present invention; and

Fig. 4B is a schematic diagram of the configuration
of a machining system using a laser machining ro-
bot according to a third embodiment of the present
invention.
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DESCRIPTION OF THE EMBODIMENTS

[0009] Fig. 1 shows a schematic diagram of the con-
figuration of a machining system using a laser machin-
ing robot according to the first embodiment of the
present invention. The system shown in Fig. 1 includes
a robot controller 10 connected to a laser machining ro-
bot (hereinafter, "robot") 1 and controlling an operation
of the robot 1, a laser machining head 2 attached to a
tip end of an arm of the robot 1, and a laser generator
4 that transmits a laser beam for machining to the laser
machining head 2 through an optical fiber 5. Laser out-
put ON/OFF control and power control over the laser
generator 4 are exerted by the robot controller 10 con-
nected to the laser generator 4.

[0010] A distance sensor (or height sensor) 3 is at-
tached to the tip end of the arm of the robot 1 in proximity
to the laser machining head 2. This distance sensor 3
is connected to the robot controller 10 through a dis-
tance sensor amplifier 6 by a cable 7 . The robot con-
troller 10 controls a distance sensing operation of the
distance sensor 3, and processes a detection signal of
the distance sensor 3. The detection signal of the dis-
tance sensor 3 is transmitted to the robot controller 10
through the distance sensor amplifier 6.

[0011] The detection signal (which is also referred to
as height sensor signal) of the distance sensor 3 repre-
sents a distance between a workpiece W and the dis-
tance sensor 3 in a direct sense. The detection signal
or height sensor signal can be used as a signal that rep-
resents a distance between the workpiece W and the
laser machining head 2, (or a height of a tip end of the
laser machining head 2 measured from a surface of the
workpiece W), in the robot controller 10.

[0012] The robot controller 10 includes a CPU, mem-
ories, an interface for input and output of an external
signal, and the like as well as an axial control amplifier
11 that controls individual axes of the robot 1 in a well-
known manner (the constituent elements of the robot
controller 10 will not be described herein in detail) . A
machining program for carrying out laser machining to
the workpiece W is stored in a nonvolatile memory in-
cluded in the robot controller 10. By executing the ma-
chining program, the robot 1 moves on a route desig-
nated by the machining program, and the laser output
ON and OFF and power of the laser generator 4 are con-
trolled.

[0013] The machining program is a program for in-
structing a control for keeping "the distance between the
tip end of the laser machining head 2 and the workpiece
W" (hereinafter referred to as distance between the
head and the workpiece") obtained based on distance
information obtained from the distance sense amplifier
6, i.e., information on the distance between the work-
piece W and the distance sensor 3, at a preset prede-
termined value using information on the distance be-
tween the head and the workpiece. The machining pro-
gram includes various pieces of data for designating a
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moving velocity (instruction velocity) of the robot 1, time
constants for acceleration and deceleration, and the like
in an ordinary manner.

[0014] It is noted that the robot controller 10 further
includes a restriction means (software operating in co-
operation with the machining program) 12 for restricting
a maximum acceleration and a maximum jerk so as not
to exceed respective preset allowable values, which is
afeature of the presentinvention. This restriction means
12 restricts the acceleration and the jerk so that they do
not cause a vibration when the robot 1 passes through,
for example, a corner C.

[0015] As will be described below, restriction is im-
posed by the restriction means 12 when it is determined
that at least one of the maximum acceleration and the
maximum jerk exceeds the allowable value if the move-
ment of the head 2 is executed in accordance with the
conditions (the instruction velocity and the acceleration
and deceleration time constants) designated by the ma-
chining program. The restriction prevents the genera-
tion of the vibration when the robot 1 passes through the
cornerC. Inaddition, the restriction means 12 adjusts an
output of the laser generator 4 so as to be tuned to the
moving velocity of the laser machining head 2 in light of
a velocity change following the restriction operation of
the restriction means 12.

[0016] By so controlling, even if the corner C is includ-
ed in the machining path, the robot 1 can carry out stable
laser machining while keeping the distance between the
head and the workpiece at a predetermined value des-
ignated by the machining program (or designated by a
parameter separately from the designation of the ma-
chining program) during at least the execution of the ma-
chining. In other words, the robot 1 can prevent the laser
machining head 2 from vibrating when the robot 1 pass-
es through the corner C, prevent tracer control using the
distance sensor 3 from being disturbed, and prevent the
distance between the head and the workpiece from
changing, thereby prevent adversely influencing on a
machining quality.

[0017] To generate the machining program, there are
known a method including indicating and generating the
machining program while actually tracing a machining
position, and a method including generating the machin-
ing program offline, transferring data on the program to
the robot controller 10, and executing the machining
program. According to the system of the present inven-
tion, a height direction of the laser machining head 2 is
controlled to be a certain distance from the surface of
the workpiece W based on the signal of the distance
sensor 3. Therefore, in either method, it is unnecessary
to accurately teach the machining position at every
teaching point during the generation of a teaching pro-
gram.

[0018] The signal from the distance sensor 3 is read
by the robot controller 10 through the distance sensor
amplifier 6, and a position of the tip end of the arm of
the robot 1 is controlled so that the distance between



5 EP 1 468 775 A1 6

the laser machining head 2 and the surface of the work-
piece W is kept at the predetermined value. Several
types are known for the distance sensor 3. According to
the present invention, any of an optical detection sensor
and a capacitive detection sensor can be employed.
[0019] The height control (control of the distance be-
tween the sensor 3 and the workpiece W) and the ac-
celeration and deceleration control of the laser machin-
ing head 2 during the execution of the machining pro-
gram will next be described with reference to Fig. 2
(which is a flowchart for an outline of processing) and
Fig. 3 (whichisanexplanatoryviewforavelocity instruc-
tion after the acceleration and deceleration
processing) . In this acceleration and deceleration
processing, the acceleration and the jerk are restricted.
Respective steps of the processing will be summarized
as follows. A main processor in the robot controller 10
starts the processing in the following steps when the ro-
bot 1 starts operating.

[0020] Step S1: Set a line number index L (register
value) for designating a line number at an initial value 1
foran instruction program to be reproduced (i.e., the ma-
chining program, hereinafter referred simply to as pro-
gram).

[0021] Step S2: Finish the processing if the line des-
ignated by the line number index L is a final line.
Processing proceeds to a step S3 if the designated line
is not the final line.

[0022] Step S3: Read an operation statement on the
line designated by the line number index L.

[0023] Step S4: Determine whether the read opera-
tion statement is a laser ON instruction or not. If the op-
eration statement is laser ON instruction, processing
proceeds to a step S6 and the laser generator 4 is turned
on at an appropriate timing. If the operation statement
is not laser ON instruction, processing proceeds to a
step S5.

[0024] Step S5: Increment the line number index L by
one. And the processing returns to the step S2.

[0025] Step S6: Start tracer control using the height
sensor signal with regard to a robot position in a height
direction of the machining nozzle (i.e., the laser machin-
ing head 2).

[0026] Step S7: Set a robot axis index N (register val-
ue) at an initial value 1.

[0027] Step S8: Check whether the index N exceeds
the number of axes of the robot 1. If the index N does
not exceed the number of axes, processing proceeds to
a step S9. If the index N exceeds the number of axes,
processing proceeds to a step S14.

[0028] Step S9: Calculate an acceleration An of an ax-
is (axis N) indicated by the index N based on the oper-
ation statement (operation instruction information) read
in the step S3 and robot mechanism section information
(e.g., an arm link length of the robot 1) . Calculate a jerk
Jn of the axis N based on a quantity of a change in the
acceleration An of the axis N.

[0029] Step S10: Determine whether or not absolute
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values of the acceleration An and the jerk Jn of the axis
N calculated in the step S9 exceed a maximum accel-
eration Amax and a maximum jerk Jmax set in the mem-
ory in advance, respectively. If one of the acceleration
An and the jerk Jn exceeds the set maximum accelera-
tion Amax or maximum jerk Jmax, processing proceeds
to a step S12 . If neither the acceleration An nor the jerk
Jn exceed the set maximum acceleration Amax and
maximum jerk Jmax, respectively, processing proceeds
to a step S11. The maximum acceleration Amax and the
jerk Jmax set in the memory are values common to the
respective axes. Alternatively, the maximum accelera-
tion Amax and the jerk Jmax may be set for each axis.
[0030] Step S11: Increment the axial index N by one,
and returns the processing to the step S8.

[0031] Step S12: Read the maximum acceleration
Amax and the maximum jerk Jmax set in the memory.
Read the maximum acceleration Amax and the jerk
Jmax set for the axis N if the maximum acceleration
Amax and the jerk Jmax are set for each axis.

[0032] Step S13: Carry out the acceleration and de-
celeration processing shown in Fig. 3 to the axis N with
acceleration and deceleration control parameters set at
Amax for the maximum acceleration and Jmax for the
maximum jerk, respectively. Output a velocity instruc-
tion (a moving instruction in every predetermined cycle)
obtained as a result of the acceleration and deceleration
processing.

[0033] That s, in an acceleration range (time range)
of the robot 1, the acceleration is increased by the set
jerk Jmax in every predetermined cycle, and set at zero
when the acceleration reaches the maximum accelera-
tion Amax. Next, when the velocity nears a target veloc-
ity or instruction velocity Vc, the acceleration is de-
creased by the set jerk Jmax in every predetermined cy-
cle, and the acceleration and the jerk are both set at zero
when the velocity reaches the instruction velocity Vc. In
a deceleration range, the velocity is decreased in pro-
cedures opposite to those for the acceleration based on
the set acceleration and the set jerk. The processing re-
turns to the step S11 after the processing in the step
S13 is finished.

[0034] Step S14: Calculate a moving velocity (nozzle
tip end velocity) of the tip end of the laser machining
head 2 from accelerations of all axes.

[0035] Step S15: Change the output of the laser gen-
erator 4 downward in accordance with a reduction ratio
of the nozzle tip end velocity calculated in the step S14
(a ratio of the moving velocity to the instruction velocity
Vc originally designated by the program). Namely,
change a laser output instruction value according to a
velocity V(t) in the acceleration range and the deceler-
ation range. In the acceleration and deceleration rang-
es, control is carried out with the laser output instruction
value Pc' as represented by the following equation.

Pc'=Pc-V (t)/Vc
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where Pc is a laser output at the instruction velocity Vc.
This processing is executed whenever the moving in-
struction in association the acceleration and decelera-
tion processing is output. Out of the acceleration and
deceleration ranges (or if the output of the moving in-
struction in association with the acceleration and decel-
eration processing is over), the laser output value is re-
turned to an original laser output.

[0036] Step S16: Increment the line number index L
by one, and return the processing to the step S2.
[0037] By executing this processing cycle, the laser
output instruction is turned on and the laser machining
is executed under the tracer control based on the read
height sensor signal whenever the laser machining
head 2 arrives at a start position of each laser machining
interval. Further, the acceleration and deceleration are
checked with regard to the acceleration and decelera-
tion control at the time of the execution of the laser ma-
chining. A content of the acceleration and deceleration
control is forcedly changed during vibration prevention
and prediction. In the acceleration and deceleration
ranges, the laser output instruction value is also
changed according to the velocity V(t) in the accelera-
tion and deceleration ranges.

[0038] Wheneverthe laser machining head 2 reaches
an end position of each laser machining interval, a laser
output OFF instruction is read and the laser output is
turned off. Atthe same time, reading of the height sensor
signal is finished. If the program reaches the final line,
the processing is finished in accordance with a process-
ing end instruction statement.

[0039] In this embodiment, the distance sensor (or
height sensor) 3 that monitors the distance between the
head and the workpiece (i.e., nozzle height) is attached
to the tip end of the arm of the robot 1 separately from
the laser machining head 2 . Needless to say, even if
the distance sensor (or height sensor) 3 is attached to
the laser machining head 2 itself, the distance sensor 3
can similarly monitor the distance between the head and
the workpiece. Alternatively, an additional axis may be
provided at the robot 1 and this additional axis may be
controlled in response to the height sensor signal so as
to carry out the tracer control for keeping the distance
between the head and the workpiece (or nozzle height)
at the predetermined value.

[0040] Fig. 4A is a schematic diagram of the configu-
ration of a machining system using a laser machining
robot according to the second embodiment of the
present invention. In this system, an additional axis 8 is
provided at the robot 1, and the distance sensor (or
height sensor) 3 is attached to the laser machining head
2 itself. This additional axis is controlled in response to
the height sensor signal from the distance sensor 3.
[0041] Fig. 4B is a schematic diagram of the configu-
ration of a machining system using a laser machining
robot according to the third embodiment of the present
invention. In this system, the distance sensor (or height
sensor) 3 is attached to the laser machining head 2 it-

10

15

20

25

30

35

40

45

50

55

self, and the tracer control is carried out by controlling
six axes of the robot 1.

[0042] Each of the system shown in Fig. 4A and the
system shown in Fig. 4B executes the restriction on the
acceleration and the jerk of the robot 1 as described in
the first embodiment.

[0043] According to the present invention, the disrup-
tion of the locus caused by the vibration generated when
the robot is quickly accelerated can be prevented. Ac-
cordingly, stable laser machining can be executed even
in instances in which the corner is included in the ma-
chining route, e.g., for a complicated three-dimensional
workpiece.

Claims

1. A laser machining robot, in which both a laser ma-
chining head for laser machining and a distance
sensor are mounted on the robot arm tip end, a dis-
tance between the distance sensor and a workpiece
is detected by the distance sensor, and the laser
machining is carried out by moving said laser ma-
chining head while keeping a distance between the
workpiece and a tip end of said laser machining
head at a predetermined distance based on the de-
tected distance, the laser machining robot compris-

ing:

control means for controlling an acceleration of
the laser machining robot movement not to ex-
ceed a preset maximum acceleration, and con-
trolling a jerk not to exceed a preset maximum
jerk during said laser machining.

2. Thelaser machining robot according to claim 1, fur-
ther comprising:

means for changing a laser machining condi-
tion according to a change in a moving velocity
of said laser machining robot if the moving ve-
locity of said laser machining robot is changed
by moving control exerted by said control
means.

3. Alaser machining robot, in which a laser machining
head that comprises a distance sensor and carries
out laser machining is mounted on a tip end of a
robot arm, a distance between the distance sensor
and a workpiece is detected by the distance sensor,
and the laser machining is carried out by moving
said laser machining head while keeping a distance
between the workpiece and a tip end of said laser
machining head based on the detected distance at
a predetermined distance, the laser machining ro-
bot comprising:

control means for controlling an acceleration of
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the laser machining robot movement not to ex-
ceed a preset maximum acceleration, and con-
trolling a jerk not to exceed a preset maximum
jerk during said laser machining:

4. The laser machining robot according to claim 3, fur-
ther comprising:

means for changing a laser machining condi-
tion according to a change in a moving velocity
of said laser machining robot if the moving ve-
locity of said laser machining robot is changed
by moving control exerted by said control
means.
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